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1. Introduction However, some of these methods must be performedrunde

harsh conditions owing to the use of organometaéimgents
. ) A e such asn-BuLi and GHsZnBr, which are highly sensitive to
natural products and dru§d such as kealiiquinorfenaamidine water (Scheme 2a and 28)° In addition, the toxic and
5 . . - B . . . 1
A and c_Iathrldlne A, which shogv anti-cancer activity. Some g4orous thiols or mercaptan (as starting reagentsy be used
intermediate for natural productcan be synthesized by i, other methods (Scheme 2b-3#)Recently, Wuet al.
imidazole derivatives. In addition, 48 ary#imidazole renorted an effective method for the synthesis-afybseleno-
compounds displayed similan vitro growth inhibition in 11 imigazole by the three-component coupling reactin
cancer cells, and were found to be cytostatic ifan@ma cell  gjeciron-deficient heterocycles, Se powder and agides
line (Scheme 1. The aforesaid compounds and othegatalyzed by copper chloride (Scheme $&Nevertheless, this
medicines possessing therapeutic potential canybnesized process requires a high temperature and nitrogetegiion.

from imidazoles, especially 2-arylthio(selend)-imidazole  Fythermore, all of the abovementioned catalytistams must
and its derivative$! use metal catalysts.

N . N
2 a) n-BulLi b) NCS, PhZnBr N—sH
[N> " PRSSPh TTryE 78 oc J Jc) Cu, KsPO, [N%

Imidazole derivatives are common structural feati many

\

Me Me
>N
o] L [ \>—XAr
MeO SN
(] Rﬂ
MeO X=8§,8e
° e . 1 -
Kealiiquinone 48 aryl-1H-imidazole  intermediate f?)r natural product ‘rf” \[N\> d) RSH, Cu(OAc), f) This work ‘r,’-’ \IN\> Ao
Cag N e) Se, Arl, CuCl, I (05equiv) “so- -y
Scheme 1. Bioactive molecules with the imidazole motif. Me metal-free reaction R

good to excellent yields
wide functional group tolerance

Because of the important application of 2-aryltk@éno)-
1H-imidazole derivatives in the synthesis of manyuralt
products and medicinal agentsefforts are devoted toward
their generatiori’ Various methods for the synthesis of 2- Up to now, a metal-free catalysis for the synthesi2-o
arylthio(seleno)-H-imidazole derivatives have been reported. arylthio(seleno)--imidazole has not been reported. Therefore,

Scheme 2. General methods for the synthesis of 2-
arylthio(seleno)imidazoles.



as an environment-friendly and less expensive ndgetlogy,
the development of transition-metal-free systems foe
synthesis of 2-arylthio(selenoHlimidazole derivatives, which
are ubiquitous scaffold$, is highly desired. Diaryl
disulfides(diselenides), which are known to be wbke, free

Tetrahedron

yields were obtained (Table 1, entries 4, 12-17). ddgired
product was observed without additives (Table 1,yet8).
Lastly, we explored the influence of the additivecaimt for
sulfenylation. We found that 0.5 equiv. of iodinesnwenough to
promote the sulfenylation effectively by extendihg reaction

of smell, and good electrophilic reagents with lowiddy, time to 16 hours (Table 1, entry 21). A lower yield82% was
have been wused often in the arylthiolation andbtained when the oxidant amount was decrease®teduiv.
arylselenylatiort? lodine reagents have also been used in C-&spite extending the reaction time to 20 hourblera, entry
bond formationi>?® As a part of our research program in the22). After extensive screening, we found that thiéesylation
synthesis of sulfur-containing compourfd& we report an of 1-methylimidazole 1a) and diphenyl disulfide 28) in
iodine-mediated direct thiolation(selenylation) ohidazole DMSO promoted by 0.5 equiv. of iodine in air provideg:
with diaryl disulfides (diselenides) for synthesidf @- desired product with an excellent yield of 92% with& hours.
arylthio(seleno)-H-imidazole, which is in sharp contrast to the To demonstrate the efficiency of the sulfenylatiome
transition-metal-catalyzed reactions (Scheme 2f). explored the generality of our method by extendireyoptimal

conditions to various substituted imidazoles andarydi

2. Results and discussion disulfides, and the results are summarized in Table

We used the thiolation of 1-methylimidazoléa)( with
diphenyl disulfide 2a) as a model reaction to optimize the
reaction parameters, and the results are summariZeable 1.

Table 2. The sulfenylation of 1-alkylH-imidazoles with
diaryl disulfides*

N I, (0.5 equiv.) N
1 Y + R2SSR2 2 N—gR?
“*«"‘[N> DMSO, 120 °C,16 h “~‘:~;_«[N>_ SR
Table 1. Optimization of the reaction conditiofis. p R' ) 5 R
N I, (equiv.) N N N
Y+ PhssPh 2 2 [\ [ >— >—S
[N> Solvent, Temp., Time ‘ N>—SPh
Me Me ""e
1a 2a 3a
Me
Entry  Additive (equiv.) Temp. (°C) Solvent  Time (h) Yield (%)° 3a, 92% 3b, 97% 3c, 93% Hs 3d, 99%
1 2 (1.0) 60 DMSO 12 32
2 I, (1.0) 80 DMSO 12 53
Y—s
3 I, (1.0) 100 DMSO 12 77 [ >-S [ *
4 I, (1.0) 120 DMSO 12 88 NO
5 I, (1.0) 130 DMSO 12 83 ’
6 I, (1.0) 150 DMSO 12 37 . . NO,
7 I, (1.0) 120 Toluene 12 24 3e, 9OA 3f, 93% 39, 72% 3h, 88%
8 I, (1.0) 120 THF 12 35 N
9 Iy (1.0) 120 MeCN 12 47 [ S—s  NO, \>—s \>—s
10 2 (1.0) 120 DMF 12 69 N
11 I, (1.0) 120 1,4-dioxane 12 52 Me 0,
12 TBHP (2.0) 120 DMSO 12 21
13 DTBP (2.0) 120 DMSO 12 19 3i, 74% 3j, 969
j, 96% 3k, 93% 31, 89%
14 BPO (2.0) 120 DMSO 12 28 ’ ° ’
15 CuBr (2.0) 120 DMSO 12 " N
16 Cul (2.0) 120 DMSO 12 24 >_S [ >_ \>_S HN
17 NHyl (2.0) 120 DMSO 12 N.D.
18 none 120 DMSO 12 N.D.°
19 I (0.5) 120 DMSO 12 84
20 12 (0.3) 120 DMSO 12 % 3m, 82% 2 3n,08% © 30, 99%
21 1, (0.5) 120 DMSO 16 92 (90)
22 I2 (0.3) 120 DMSO 20 82 N
; . ——— — [ d=s \>—s )
Reaction conditions: 1-methyHtimidazole (a) (0.5 mmol), N
diphenyl disulfide 2a) (0.25 mmol), iodine, solvent (2.0 mL), in )\ )T Me
air; ® GC yields: N.D. for not detected: Isolated yields.
3p, 32% 3q, trace 3r, trace

Analyzing Table 1, we can see that the desired ptotluc
methyl-2-(phenylthio)-H-imidazole (3a) was obtained with a 1on | Imic
yield of 32% via the thiolation of 1-methylimidazo{la) and ~diaryl disulfides %) (0.25 mmol), iodine (0.125 mmol), DMSO
diphenyl disulfide 2a) in the presence of 1.0 equiv. of iodine(2-0 ML), 120°C, 16 h, in air” Isolated yields.

(1) at 60°C (Table 1, entry 1). We then explored the inflleenc A variety of diaryl disulfides could efficiently uedgo
of temperature on the reaction by varying the teatpee from  sylfenylation to afford the corresponding produsith good to
60 to 150°C (Table 1, entries 1-6), and the results showed thaxcellent yields 3a-3i, 72-99%). Electron-donating groups
120°C was the best temperature for giving the desiredymt (e.g., Me and OCH) or electron-withdrawing group.¢., Cl
with a yield of 88% (Table 1, entry 4). The screeniof and NQ) on the benzene ring of the diaryl disulfides tstig
solvents (Table 1, entries 4 and 7-11) revealetddSO was affected the sulfenylation, and provided the cqroesling
the best solvent (Table 1, entry 4, 88%), mainlgabse of its products in good to excellent yields. Notably, thistocol is
excellent solubility to reactants and oxidability tthe also applicable to the diphenyl disulfide-contagnimmide
sulfenylation. Other oxidants such as TBHP, DTBP, Bp%roup' which gave the desired prod@dt with a 99% yield.
CuBr, Cul and N were also investigated, and low or poorwhen N-butyl-1H-imidazole reacted with diaryl disulfides, all

& Reaction conditions: 1-alkané4limidazoles {) (0.55 mmol),



corresponding products were obtained in excellexitgi(3j-3o,
82-99%) The steric effect oR-'Pr andN-'Bu at the 1-position
of 1-alkane-1H-imidazole was significar8p(and 3q, 32% and
trace amount). The yield of desired prod8ctwas obtained in
trace amounts when 1-methylbenzimidazole was treaidd
diphenyl disulfide under standard conditions. Howgeakyl
disulfides (such as dipropyl disulfide and diisglbdisulfide)
plausibly failed to yield desirable products beeatiey easily
formed ionic liquids.

Encouraged by the successful synthesis of
arylthioimidazole, we decided to expend this strategy the
selenation of imidazoles under milder reaction dous (100
°C, 8.0 h), and the results are summarized in Tahle
Analyzing Table 3, we can see that electron-donatind
electron-withdrawing functional groups at the and p-
positions of the diaryl selenides slightly affecthd selenation,
affording the corresponding products with excellgtelds
(Table 3, 5a-5f, 93%-99%). When N-butyl-1H-imidazole
reacted with diaryl diselenides, all correspondimudpcts were
obtained in excellent yieldgg-5j, 95-99%) The steric effect

of N-'Pr andN-'Bu at the 1-position of 1-alkane-1H-imidazole

was slightly less than that of the reaction with dipyl

disulfide 6k and5l, 78% and 55%).However, only a trace yield

was observed when an imidazole with a bulky substitaeN-
atom position was used as the substram).(In addition, the
reaction can also be applied to 1-methylbenzimitgaohich
reacted with diaryldiselenides to afford the coroesfing
products in the yields of 80-91%rn-5p).

Table 3. The selenation of l-alkanddlimidazoles with diaryl
diselenide$:”

N lp(05equiv.) N

{ N 2 2 { N 2

S EN> RSeSeR DMSO, 100°C, 8.0 h “:::y[N*SSR

R! R;
1 4 5
N N N Ve N
[ =se [ =se L \%Seﬁj [ V—se =
N N N N
w0 WO e
Me

5a, 95% 5b, 98% 5c, 98% 5d, 99%

[N>_ [N*
H=—S8e S=Se
D Q

5e, 96%

N N

| D—se S—s

Lo @ Ly
"Bu By

5f, 93% 59, 97% 5h, 95% Cl

Moo o [omse (e [se
WD LD kD
Me 5k, 78%
O 5se (T s @[b—s
Me @ Me Q Me Q

5n, 88%

5i, 99% 5§, 99% 51, 55%

u

B
IS
Cl @'\?/Se

5m, trace 50, 80% Cl 5p,91% Me

& Reaction conditions: 1-alkané4limidazoles {) (0.55 mmol),

diphenyl disulfide 2a) with DMSO (Scheme 3b, Eq. 1) and
DMF (Scheme 3b, Eq. 2) under a nitrogen and oxygen
atmosphere. The yield of the desired prod@aj (ndicates that
O, may be involved in the oxidation process during Whole
sulfenylation. No reaction was observed when
methylimidazole was replaced by 1,2-dimethylimidazol
indicating the regioselectivity of this method (8ote 3b, Eqg.
3).

a) Larger-scale reaction

2- N
[ Y+ PhSSPh
N\

Me

1-

I» (0.5 equiv.)
_ Ooequv)
DMSO, 120 °C, 16 h, air

N Ph
LS
N\
Me

2a, 4.5 mmol 3a, 1.51 g, 88%

b) Control experiment for mechanism study

N
[ »  + Phssph
N\

Me

N
[ »  + PhSSPh
N

Me

N
[ »—Me + PhssPh
N

Me

I, (0.5 equiv.)

DMSO, 120°C, 16 h
N, or Oy

N, Ph
[N\>—s (Eq. 1)

Me Vield: 84% or 94%

N Ph
[ Y=< (Ea2)
N

yield: 41% or 73%

I (0.5 equiv.)

DMF, 120 °C, 16 h

N, or O Me

I» (0.5 equiv.)

(Eq. 3)
DMSO, 120°C, 16 h

No reaction

Scheme 3. (a) Larger-scale synthesis o8a; (b) Control
experiments for mechanism study.

On the basis of the above experimental results aeviqus
work”* a possible mechanism is depicted in Scheme 4fifite
step is the generation of PhSI via the reactiomodine with
diphenyldisulfide at high temperature, which was cteig by
GC-MS. Meanwhile, the blank reaction was performed to
verify the generation of PhSI (listed in Sl). Thethe
replacement reaction of the intermediate PhSI with 1
methylimidazole 1a) yielded the desired produca) and Hl,
which was then converted tg\ia the oxidation of DMSO and
oxygen from air.

DMS+H,0
[O]

pmMso H=I

N Ph N
- 0
N N
3a Me 1a Me
Scheme 4. Proposed mechanism for sulfenylation

PhSSPh

2a
I
Metal-Free

1--SPh

3. Conclusion

In summary, we have developed a metal-freecamgenient
protocol for the synthesis of 2-arylthio(selenojlamolesvia
the  sulfenylation(selenylation) of imidazoles  with
disulfides(diselenides) promoted by 0.5 equiv. ofline. A

diaryl diselenides2) (0.25 mmol), iodine (0.125 mmol), DMSO broad range of diaryldisulfides or diaryldiselersdevere

(2.0 mL), 100°C, 8.0 h, in air” Isolated yields.

tolerated, and all desired products could be obthin good to
excellent yields, providing a convenient and generay to

The sulfenylation can also be carried out on aclasgale Synthesize 2-arylthio(seleno)imidazoles.
reaction. The desired produ@aj was obtained with a yield of . .
88% when 10 mmol of 1-methylimidazoldaj was treated 4 Experimental Section
with 4.5 mmol of diphenyl disulfide26) under the standard . )
conditions (Scheme 3a). To shed light on the mdshaof the Unless noted, all reactions were conducted in Schienés
sulfenylation, 1-methylimidazole 14) was treated with Under an atmosphere of air using commercial saivéadine,
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1-methylimidazole, 1-butylimidazole, 1-methylbenkiawole, 6.84 (m, 2H), 3.80 (s, 3H), 3.66 (s, 3 NMR (100 MHz,
diphenyl disulfide, 4,4dichlorodiphenyl disulfide, 4- CDCl) & 159.17, 139.75, 131.65, 129.79, 124.36, 123.36,
methylphenyl disulfide, bis(2-benzamidophenyl) dfisie, 114.93, 55.35, 33.82; MS (m/z): 221.0'(M

dibenzyl disulfide, ~4,4dinitrodiphenyl  disulfide,  3,3- N_(2-((1-methyl-1H-imidazol-2-yl)thio)phenyl)benzamide (3d):
dinitrodiphenyl disulfide, 2,2dinitrodiphenyl disulfide were |gplated by flash column chromatography (petroleum
purchased from Energy company and used as receivgfher/ethyl acetate = 3/1, R 0.4). The title compound was
Diphenyl diselenide, di(4-methylphenyl) diselenid€j(4- gptained as a yellow solid (99%, 152.9 mb} NMR (400
chlorophenyl) diselenide, dinaphthyl diselenide,bedizyl MHz, CDCH) § 11.00 (s, 1H), 8.30 (= 4.0 Hz, 3H), 7.63 (d,
diselendide and di(2,6-dimethylphenyl) diselenide reve j = 8.0 Hz, 1H), 7.54-7.51 (m, 3H), 7.43 Jt= 8.0 Hz, 1H),

synthesized according to the previous work. 7.10-7.05 (m, 2H), 6.95 (s, 1H), 3.76 (s, 3EC NMR (100
. MHz, CDCk) & 166.07, 141.28, 139.57, 135.05, 134.67, 131.77,
4.1 Analytical methods 130.70, 129.21, 128.50, 128.16, 124.67, 124.58,342322.09,

33.95; HRMS (ESI): [M + H] calcd for [G/HisN3OS]:
Thin-layer chromatography (TLC) analysis was caridedi 309.0942, found: 309.0937.

using gel 60 k4 pre-coated plates. Visualization Was; (4 chiorophenyl)thio)-1-methyl-1H-imidazole (3¢): Isolated
accomplished with UV lamp or, Istain. Silica gel 300-400 p fagh column chromatography (petroleum etheyleibetate
mesh size was used for column chromatography usieg t_"y;; g =0 4). The title compound was obtained as a ceder|
combination of ethyl acetate and hexane as an elfeaton quuid, (90%, 100.8 mg)*H NMR (400 MHz, ds-DMSO) &
nuclear magnetic resonancel NMR) spectra were recorded at7 547 20 (r'n 3H) 7 12-7.08 (M, 3H),3.65 (,s 3HE NMR
400 MHz. Chemical shift were recorded in parts peltioni (100 MHz, de-DMéO) 5 137.64,, 13:',)_14, 1é2.85, 130.15,

(ppm, 8) relative to tetramethyl silaned (0.00). * HNMR 159 55 129 24 123.97, 33.92; HRMS (ESI): [M + kdhlcd
splitting patterns are designated as singlet (sybket (d), ¢, [C1HoCIN,S]: 224.0181, found: 224.0172.
double doublet (dd), triplet (t) or multiplet (mGarbon nuclear

magnetic resonancé’C NMR) spectra were recorded at 1002 (Penz/ithio)-1-methyi-1H-imidazole (3f)™ Isolated by flash
MHz. H NMR and “C NMR spectra were recorded usingcolumn chromatography (petroleum ether/ethyl aeetatl/1,

residue solvent peaks as internal standards (GHCE 7.26 Ry = 0.6). The tiltle compound was obtained as a yeBoiid
ppm for'H, 5 = 77.0 ppm for°C; DMSO, 5 = 2.5 ppm forH, (93%, 95.4 mg);H NMR (400 MHz, CDC}) § 7.36-7.29 (m,

. 13
& = 39.5 ppm for°C). Coupling constants are given in hertz>H).6.67 (s, 1H), 6.57 (s, 1H), 5.25 (s, 2H), 3.013(3); ~C

Mass spectra (MS) were obtained using El mass speeter. NMR (100 MHz, CDC)) & 162.87, 135.86, 128'87’+128'30’
128.15, 118.03, 116.36, 51.35, 35.27; MS (m/z):.2Q8!").

4.2 Experimental Procedure for 3a and characterization data  1-methyl-2-((4-nitrophenyl)thio)-1H-imidazole (3g): Isolated
of 3a-3p by flash column chromatography (petroleum etheyledbetate

= 2/1, R = 0.5). The title compound was obtained as a yellow
Typical procedure for the synthesis of 1-Methyl-2-S0lid (72%, 84.6 mgfH NMR (400 MHz, CDCJ) § 8.02 (d,J
(phenyilthio)-1H-imidazol&a: 1-methyl-1H-imidazolda (45.2 = 8.0 Hz, 2H), 7-2}3(& 1H), 7.12 (s, 1H), 7.01Jc& 7.6Hz,
mg, 0.55 mmol) was added drowpwise to a solution ). 3.62 (s, 3H);"C NMR (100 MHz, CDCJ) & 146.00,
diphenyldisulfane2a (54.6 mg, 0.25 mmol) and (317 mg, 14525, 135.11, 131.07, 126.51, 124.73, 124.38@B3RMS
0.125 mmol) in 2.0 mL of DMSO. Then the mixture wiged (ESI): [M + H]" calcd for [GoHoN;O.S]: 235.0421, found:
at 120 °C for 16 hours. Then the reaction mixture wag39-0415.

evaporated in vacuum, and the desired pro8aetas obtained 1-methyl-2-((3-nitrophenyl)thio)-1H-imidazole (3h)*®
by silica gel column chromatography wusing ethylsolated by flash column chromatography (petroleum
acetate/hexane as an eluent in the yield of 92% (8g). ether/ethyl acetate = 3/1,; R 0.3). The title compound was

1-methyl-2-(phenylthio)-1H-imidazole (3a)™°: Isolated by flash ©Obtained as a yellow solid (88%, 103.9 my); NMR (400
column chromatography (petroleum ether/ethyl aeeta/1, MHz, CDCE) 6 8.10 (d,J = 8.8 Hz, 2H), 3-28 (s, 1H), 7.20 (s,
R, = 0.4). The title compound was obtained as a assrliquid 1H), 7-13 (dJ = 8.4 Hz, 2H), 3.70 (s, 3H);C NMR (100 MHz,
(92%, 87.4 mg)*H NMR (400 MHz, CDCJ) § 7.25-7.21 (m, CDCl;) 8 145.95, 145.37, 135.06, 131.14, 126.43, 124.75,
2H), 7.16-7.11 (m, 4H), 7.06 (s, 1H), 3.61 (s, 1K NMR  124.31, 33.95; MS (m/z): 236.1 (M

(100 MHz, CDCY) § 137.95, 134.92, 130.14, 129.26, 127.921-methyl-2-((2-nitrophenyl)thio)-1H-imidazole (3i): Isolated
126.56, 123.92, 33.87; MS (m/z): 191.0jM by flash column chromatography (petroleum etheyledbetate
1-methyl-2-(p-tolylthio)-1H-imidazole (3b)°: Isolated by flash = 3/1, R = 0.4). The title compound was obtained as a yellow
column chromatography (petroleum ether/ethyl aceta3/1, Solid (74%, 87.0 mgyH NMR (400 MHz, CDC)) 5 8.27 (d.J

R = 0.3). The title compound was obtained as a assrliquid = 8-4 Hz, 1H), 7.42 (4= 7.6 Hz, 1H), 7.32-7.27 (m, 2H), 7.21
(97%, 99.3 mg)*H NMR (400 MHz, CDCJ) 5 7.67 (s, 1H), (S, 1H), 6.59 (d) = 8.4 Hz, 1H), 3.68 (s, 3H}'C NMR (100
7.39 (s, 1H), 7.05 (dl = 8.0 Hz, 2H), 6.96 (d] = 8.0 Hz, 2H), MHz, CDCL) & 145.04, 136.82, 136.38, 134.15, 131;26, 127.73,
3.53 (s, 3H), 2.28 (s, 3H)C NMR (100 MHz, CDGJ) & 126.09, 126.00, 124.73, 33.93; HRMS (ESI): [M + Idhlcd
140.79, 137.89, 136.15, 132.65, 129.98, 126.8%63120.91  for [CioH:N:O-S]: 235.0421, found: 235.0415.

MS (m/z): 205.1 (M). 1-butyl-2-(phenylthio)-1H-imidazole (3j): Isolated by flash
2-((4-methoxyphenyl)thio)-1-methyl-1H-imidazole (3c):1"° column chromz?\tography (petroleum e'Fher/ethyI aeem‘tZ/.l,
Isolated by flash column chromatography (petroleunfff = 0.5). The tltlelr compound was obtained as a aedsrliquid
ether/ethyl acetate = 1/1,, R 0.4). The title compound was (96%, 111.5 mg),H NMR (400 MHz, CDCJ) & 7.28-7.19 (m,
obtained as a yellow oil (93%, 102.1 m§; NMR (400 MHz, 6H). 7.09 (s, 1H), 4.00 (@ =7.2 Hz, 2H), 1.65-1.58 (m, 2H),
CDCl) & 7.31-7.28 (m, 2H), 7.15 (s, 1H), 7.03 (s, 1H), 6.861.30-1.21 (m, 2H), 0.86 (] = 7.2 Hz, 3H);""C NMR (100



MHz, CDCL) & 129.77, 129.26, 128.47, 126.83, 122.34, 99.99,25.97, 47.10, 23.75; HRMS (ESI): [M + Hicalcd for

46.99, 32.81, 19.66, 13.50; HRMS (ESI): [M +"Halcd for
[C13H16N2S]: 232.1040, found: 232.1032.

1-butyl-2-((4-chlorophenyl)thio)-1H-imidazole (3k)** Isolated
by flash column chromatography (petroleum etheyledbetate

= 3/1, R = 0.3). The title compound was obtained as a cederl

liquid (93%, 123.8 mg)'H NMR (400 MHz, CDC) § 7.72 (s,
1H), 7.41 (s, 1H), 7.21-7.13 (m, 4H), 3.95-3.93 (m, 2Hp1-
1.58 (m, 2H), 1.27-1.24 (m, 2H), 0.87-0.84 (m, 3HE NMR

[C12H14NLS]: 218.0884, found: 218.0881.

4.3 Experimental Procedure for 5a and characterization data
of 5a-5p

Typical procedure for the synthesis of 1-Methyl-2-
(phenylseleno)-1H-imidazole3a: 1-methyl-1H-imidazole 1a
(45.2 mg, 0.55 mmol) was added drowpwise to a saiutib

(100 MHz, CDCY) & 140.40, 139.38, 132.89, 130.41, 130.11diphenyl diselenidela (78.1 mg, 0.25 mmol) ang (31.7 mg,

129.47, 113.94, 45.94, 32.99, 19.66, 13.46; HRMS)(H® +
H]" calcd for [GaH;sCIN,S]: 266.0650, found: 266.0643.
1-butyl-2-((3-nitrophenyl)thio)-1H-imidazole (3l): Isolated by
flash column chromatography (petroleum ether/etiogtate =

0.125 mmol) in 2.0 mL of DMSO. Then the mixture waged
at 100°C for 8 hours. Then the reaction mixture was evapdra
in vacuum, and the desired prod%et was obtained by silica
gel column chromatography using ethyl acetate/hexas an

2/1, R = 0.4). The title compound was obtained as a yelloflu€nt in the yield of 95% (113.1 mg).

solid (89%, 123.4 mg)'*H NMR (400 MHz, CDCJ) § 8.02-
8.00 (m, 1H), 7.97 (s, 1H), 7.44-7.43 (m, 2H), 7.27 1),

1-methyl-2-(phenylselanyl)-1H-imidazole (5a): Isolated by
flash column chromatography (petroleum ether/ettvdtate =

7.18 (s, 1H), 4.04 (1) = 7.2Hz, 2H), 1.70-1.63 (m, 2H), 1.31- 2/1, R = 0.5). The title compound was obtained as a wduotal

1.22 (m, 2H), 0.87 (tJ = 7.2 Hz, 3H):"*C NMR (100 MHz,

(95%, 113.1 mg)*H NMR (400 MHz, CDCJ) & 7.70 (s, 1H),

CDCly) & 148.62, 138.55, 135.26, 133.00, 131.10, 129.93,40 (s, 1H), 7.23-7.13 (m, 5H), 3.58 (s, 3 NMR (100

123.12, 121.92, 121.26, 47.03, 33.00, 19.63, 13HRMS
(ESI): [M + H]" caled for [G3H1sN5O,S]: 277.0891, found:
277.0886.

1-butyl-2-((4-nitrophenyl)thio)-1H-imidazole (3m): Isolated by
flash column chromatography (petroleum ether/ettvdtate =

MHz, CDCL) 4 140.92, 139.00, 131.52, 129.47, 129.23, 126.76,
32.75; HRMS (ESI): [M + H] calcd for [GoHiN,Se]:
238.0015, found: 238.0007.
1-methyl-2-(p-tolylselanyl)-1H-imidazole (5b): Isolated by
flash column chromatography (petroleum ether/ettvdtate =

3/1, R = 0.3). The title compound was obtained as a yellow/1, R = 0.4). The titte compound was obtained as a vdutiel

solid (82%, 113.5 mg)*H NMR (400 MHz, CDC}) 5 8.09 (d,
J=8.0 Hz, 2H), 7.30 (s, 1H), 7.20-7.15 (m, 3H), 4.00 & 7.2
Hz, 2H), 1.71-1.63 (m, 2H), 1.31-1.22 (m, 2H), 0.87 & 7.2
Hz, 3H); ®C NMR (100 MHz, CDGJ) & 145.96, 145.69,
134.46, 131.28, 126.47, 124.23, 123.31, 47.07,13319.62,
13.48; HRMS (ESI): [M + Hj calcd for [GsH1sN:O,S]:
277.0891, found: 277.0886.
1-butyl-2-(p-tolylthio)-1H-imidazole (3n): Isolated by flash
column chromatography (petroleum ether/ethyl aeetat2/1,
R¢ = 0.5). The title compound was obtained as a cedsrliquid
(98%, 120.3 mg)*H NMR (400 MHz, CDCJ) § 7.19 (s, 1H),
7.15-7.13 (m, 2H), 7.10-7.06 (m, 3H), 3.99& 7.6 Hz, 2H),
2.29 (s, 3H), 1.65-1.58 (m, 2H), 1.30-1.21 (m, 2H370(t,J =
7.6 Hz, 3H);"*C NMR (100 MHz, CDCJ) & 138.37, 137.01,
130.78, 130.00, 129.68, 129.12, 122.11, 46.90,23228.99,
19.68, 13.52; HRMS (ESI): [M + H]calcd for [G4H1sN,S]:
246.1197, found: 246.1194.

N-(2-((1-butyl-1H-imidazol -2-yl)thio)phenyl)benzamide (30):
Isolated by flash column

(98%, 123.6 mg)'H NMR (400 MHz, CDC)) § 7.65 (s, 1H),
7.37 (s, 1H), 7.12 (dl = 7.2 Hz, 2H), 7.03 (d] = 7.2 Hz, 2H),
3.57 (s, 3H), 2.28 (s, 3H)C NMR (100 MHz, CDG)) &
140.75, 138.73, 136.83, 130.24, 129.71, 127.54,39182.72,
20.97; HRMS (ESI): [M + H] calcd for [G;H.N,Se]:
252.0172, found: 252.0166.
2-((2,6-dimethylphenyl)selanyl)-1-methyl-1H-imidazole (5c):
Isolated by flash column chromatography (petroleum
ether/ethyl acetate = 2/1; R 0.5). The title compound was
obtained as a white solid (98%, 129.8 nfg)NMR (400 MHz,
CDCly) & 7.53 (s, 1H), 7.16-7.05 (m, 4H), 3.46 (s, 3H), 252 (
6H); “C NMR (100 MHz, CDGJ)) § 142.32, 139.82, 136.63,
130.28, 128.77, 128.32, 32.76, 24.07; MS (m/z): HR&SI):

[M + H]" calcd for [G,H14N,Se]: 266.0328, found: 266.0321.
1-methyl-2-(naphthalen-1-ylselanyl)-1H-imidazole (5d):
Isolated by flash column chromatography (petroleum
ether/ethyl acetate = 2/1; R 0.4). The title compound was
obtained as a colorless liquid (99%, 142.1 ng)NMR (400

chromatography (petroleurMHz, CDCL) 6 8.22 (d,J = 8.4 Hz, 1H), 7.86 (dJ = 8.0 Hz,

ether/ethyl acetate = 1/1,; R 0.6). The title compound was 1H), 7.76-7.72 (m, 2H), 7.61-7.49 (m, 3H), 7.30-7.86 (H),

obtained as a colorless liquid (99%, 173.1 mME)NMR (400
MHz, CDCk) 4 11.19 (s, 1H), 8.31-8.26 (m, 3H), 7.60 (&
7.6 Hz, 1H), 7.56-7.50 (m, 3H), 7.43 {t= 7.6 Hz, 1H), 7.11-

7.14-7.13 (m, 1H), 3.56 (s, 3HJC NMR (100 MHz, CDCJ) &
141.06, 139.18, 134.05, 132.34, 130.34, 128.74,81271.27.60,
126.75, 126.47, 126.13, 125.49, 32.82; HRMS (ES):+{ H]"

7.08 (m, 2H), 6.97 (s, 1H), 4.12 &= 7.6 Hz, 2H), 1.74-1.67 calcd for [G,H1,N,Se]: 288.0172, found: 288.0167.

(m, 2H), 1.37-1.31 (m, 2H), 0.94 (= 7.2 Hz, 3H);*C NMR

2-(benzylselanyl)-1-methyl-1H-imidazole (5€)**“ Isolated by

(100 MHz, CDC}) 6 166.16, 141.39, 139.37, 134.96, 134.68flash column chromatography (petroleum ether/etivgtate =

131.72, 130.73, 128.90, 128.46, 128.19, 125.13,7824 22.68,
121.79, 46.99, 33.12, 19.77, 13.60; HRMS (ESI): [VHF
calcd for [GoH2NsOS]: 351.1411, found: 351.1405.
1-isopropyl-2-(phenylthio)-1H-imidazole (3p): Isolated by
flash column chromatography (petroleum ether/ettvdtate =
1/1, R = 0.4). The title compound was obtained as a yetdw
(32%, 34.6 mg)!H NMR (400 MHz, CDC})  7.81 (s, 1H),
7.41 (s, 1H), 7.24-7.21 (m, 2H), 7.16-7.12 (m, 1HD577.03
(m, 2H), 4.57-4.50 (m, 1H), 1.36 (d= 6.8Hz, 6H);"*C NMR

3/1, R = 0.4). The title compound was obtained as a yellow
solid (96%, 121.4 mg)*H NMR (400 MHz, CDCJ) & 7.35 (s,
5H), 6.85 (s, 1H), 6.73 (s, 1H), 5.35 (s, 2H), 3.753@); °C
NMR (100 MHz, CDC}) & 135.44, 128.95, 128.47, 128.36,
120.11, 118.50, 53.38, 37.31; MS (m/z): 253.0)M
2-((4-chlorophenyl)selanyl)-1-methyl-1H-imidazole (50):
Isolated by flash column chromatography (petroleum
ether/ethyl acetate = 2/1,; R 0.5). The title compound was
obtained as a brown solid (93%, 126.1 m@); NMR (400

(100 MHz, CDC}) $ 138.34, 137.39, 137.01, 129.11, 126.21,
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MHz, CDCL) § 7.64 (s, 1H), 7.33 (s, 1H), 7.13-7.04 (m, 3H)30.56 HRMS (ESI): [M + HJ calcd for [GHisN,Se]:

3.51 (s, 3H);"*C NMR (100 MHz, CDCJ) & 141.11, 139.20,
132.97, 131.75, 130.56, 129.70, 129.59, 129.1753HRMS

(ESI): [M + HJ calcd for [GeHsCIN,Se]: 271.9625, found:
271.9617.

1-butyl-2-(phenylselanyl)-1H-imidazole (5g): Isolated by flash
column chromatography (petroleum ether/ethyl aeetatl/1,

R; = 0.6). The title compound was obtained as a cdsrliquid
(97%, 135.7 mg)!H NMR (400 MHz, CDCJ)  7.71 (s, 1H),
7.40 (s, 1H), 7.20-7.14 (m, 5H), 3.93Jt= 7.2 Hz, 2H), 1.61-
1.54 (m, 2H), 1.27-1.18 (m, 2H), 0.82 Jt= 7.2 Hz, 3H);"°C

280.0485, found: 280.0482.
1-methyl-2-(phenylselanyl)-1H-benzo[ d]imidazole (5n):
Isolated by flash column chromatography (petroleum
ether/ethyl acetate = 2/1,; R 0.5). The title compound was
obtained as a brown liquid (88%, 126.6 mt); NMR (400
MHz, CDCk) 8 7.79 (d,J = 7.2 Hz, 1H), 7.49-7.48 (m, 2H),
7.34-7.26 (m, 6H), 3.75 (s, 3HJC NMR (100 MHz, CDCJ) &
143.90, 143.54, 136.42, 132.31, 129.71, 128.32,982723.35,
122.47, 119.81, 109.59, 31.86; HRMS (ESI): [M + Idhlcd
for [C1H1:N,Se]: 288.0172, found: 288.0164.

NMR (100 MHz, CDC}) & 140.16, 139.06, 131.85, 129.38,.((4-chlorophenyl)selanyl)-1-methyi-1H-benzo[dJimidazole

129.21, 126.75, 45.97, 32.97, 19.66, 13.46; HRMS)(HE® +
H]" calcd for [G3H1gN,Se]: 280.0485, found: 280.0479.
1-butyl-2-((4-chlorophenyl)selanyl)-1H-imidazole

Isolated by flash column

(5h):

(50): Isolated by flash column chromatography (petrnoieu
ether/ethyl acetate = 3/1,; R 0.4). The title compound was
obtained as a colorless liquid (80%, 128.5 nig)NMR (400

chromatography (petroleurMiHz, CDCL) 6 7.78 (d,J = 7.2 Hz, 1H), 7.43 (d) = 7.6 Hz,

ether/ethyl acetate = 2/1,; R 0.4). The title compound was 2H), 7.31-7.23 (m, 5H), 3.75 (s, 3H)C NMR (100 MHz,

obtained as a colorless liquid (95%, 148.7 ME)NMR (400

CDCly) & 143.71, 143.50, 136.45, 134.35, 133.67, 129.86,

MHz, CDCk) § 7.72 (s, 1H), 7.41 (s, 1H), 7.21-7.13 (m, 4H)126.40, 123.42, 122.50, 119.89, 109.58, 31.79; HRESI):

3.95-3.93 (m, 2H), 1.62-1.58 (m, 2H), 1.27-1.24 (id),2.87-
0.84 (m, 3H);"*C NMR (100 MHz, CDGCJ) 5 140.40, 139.38,
132.89, 130.41, 130.11, 129.47, 113.94, 45.94,93219.66,
13.46; HRMS (ESI): [M + H] calcd for [G3H;sCIN,Se]:
314.0095, found: 314.0087.
1-butyl-2-(naphthalen-1-ylselanyl)-1H-imidazole
Isolated by flash column

(i):

[M + H]" caled for [G4H1;:CIN,Se]: 321.9782, found: 321.9776.
1-methyl-2-(p-tolylselanyl)-1H-benzo[d]imidazole (5p):
Isolated by flash column chromatography (petroleum
ether/ethyl acetate = 2/1,; R 0.5). The title compound was
obtained as a colorless liquid (91%, 137.1 ng)NMR (400
MHz, CDCk) é 7.83-7.80 (m, 1H), 7.48-7.45 (m, 2H), 7.36-

chromatography (petroleur.29 (m, 3H), 7.12-7.10 (m, 2H), 3.78 (s, 3H), 2.38@K); °C

ether/ethyl acetate = 2/1,; R 0.5). The titte compound was NMR (100 MHz, CDC}) & 144.39, 138.45, 136.26, 133.04,

obtained as a white solid (99%, 162.6 n%g{);NMR (400 MHz,
CDCl) 6 8.21 (d,J = 8.4 Hz, 1H), 7.85 (dJ = 8.0 Hz, 1H),
7.73-7.70 (m, 2H), 7.60-7.51 (m, 2H), 7.47 (s, 1HP877.24
(m, 1H), 7.15-7.13 (m, 1H), 3.90 (= 7.2 Hz, 2H), 1.57-1.48
(m, 2H), 1.21-1.11 (m, 2H), 0.75 (= 7.2 Hz, 3H);*C NMR

130.56, 123.94, 123.35, 122.59, 119.52, 109.588%B121.16;
HRMS (ESI): [M + HJ calcd for [GsH1N,Se]: 302.0328,
found: 302.0321.
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(100 MHz, CDC}) é 140.44, 139.53, 134.00, 132.32, 130.82,

128.71, 127.85, 127.47, 126.67, 126.39, 126.07,45255.99,
32.98, 19.65, 13.42; HRMS (ESI): [M + H]calcd for
[C1H1gNoSe]: 330.0641, found: 330.0635.
1-butyl-2-(p-tolylselanyl)-1H-imidazole (5j): Isolated by flash
column chromatography (petroleum ether/ethyl aeetat3/1,
R; = 0.4). The title compound was obtained as a yellquid
(99%, 150.0 mg)*H NMR (400 MHz, CDC)) § 7.69 (s, 1H),
7.39 (s, 1H), 7.13-7.06 (m, 4H), 3.95 (m, 2H), 2.303H),
1.60 (m, 2H), 1.25-1.24 (m, 2H), 0.85 (m, 3#C NMR (100

MHz, CDCL) 6 140.03, 138.85, 136.77, 130.13, 129.61, 127.90,

114.80, 45.91, 32.98, 20.96, 19.68, 13.47; HRMS XH# +
H]* calcd for [G4H1gN,Se]: 294.0641, found: 294.0634.
1-isopropyl-2-(phenylselanyl)-1H-imidazole (5k): Isolated by
flash column chromatography (petroleum ether/etiogtate =

2/1, R = 0.4). The title compound was obtained as a yellow

liquid (78%, 103.3 mg)'H NMR (400 MHz, CDCJ) § 7.78 (s,
1H), 7.39 (s, 1H), 7.23-7.16 (m, 5H), 4.64-4.53 (m, ,1HB4
(d, J = 6.8 Hz, 6H);"*C NMR (100 MHz, CDCJ) & 138.90,
137.24, 132.07, 130.27, 129.34, 129.03, 126.652148.
23.82 HRMS (ESI): [M + HI calcd for [GsH;eN,Sel:
266.0328, found: 266.0322.
1-(tert-butyl)-2-(phenylselanyl)-1H-imidazole (51): Isolated by
flash column chromatography (petroleum ether/ettvdtate =

1/1, R = 0.5). The title compound was obtained as a yelloy

liquid (55%, 76.5 mg)'*H NMR (400 MHz, CDCJ) § 7.72 (d,J
= 1.2 Hz, 1H), 7.44-7.42 (m, 2H), 7.32-7.31 (m, 1H6#7.17
(m, 3H), 1.61 (s, 9H)**C NMR (100 MHz, CDGJ)) 5 136.02,
132.90, 130.17, 129.01, 126.24, 125.21, 123.095%5.
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Highlights

» A convenient and metal-free protocol for the synthesis of 2-arylthio(seleno)imidazoles.

» This processis scalable and tolerates a wide spectrum of disulfides (diselenides).

» This method showed considerable advantages such as simple operation, wide functional group
tolerance and good yields.

» A plausible mechanistic approach has also been proposed.
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